Background Tumor Necrosis Factor Alpha (TNF-α), is a proinflammatory cytokine in the pathogenesis of Polycystic Ovary Syndrome (PCOS). In order to investigate the role of rs1800629 and rs1799964 polymorphisms in relation to anthropometric measures, family history of complex diseases, diet and clinical features, we performed a case control study in PCOS women from South India. Methods A total of 589 samples comprising of 283 patients and 306 controls were enrolled in the present study. Patients were selected based on Rotterdam criteria and ultrasound scanned normal women were selected as controls. Following extraction of DNA, genotyping for rs1800629 and rs1799964 was performed by polymerase chain reaction using tetra primers and PCR-RFLP respectively. Results The distribution of genotypes for rs1799964 was significantly different between the groups (p =0.001), however it was not for rs1800629. Haplotype analysis revealed a significant difference between patients and controls. The predisposing and protective role of haplotype with mutant allele at both loci (combination 3) and haplotype with mutant allele at either loci was reflected by the over representation of combination 3 in patients and combination 2 in controls respectively. In addition, rs1799964 showed an association with dietary habit, clinical hyperandrogenism and AAO. The modifying role of TT genotype on age at onset was noted in quartile analysis.
Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 4 % to 12 % of women of reproductive age worldwide and is a major cause of female infertility; contributing to long term complications associated with oxidative stress and chronic low grade inflammation [1] . The syndrome is characterized by hyperandrogenism, polycystic ovaries and chronic anovulation. Inter-individual variation is commonly observed with respect to clinical features changing throughout the life span starting from adolescence to postmenopausal age. Thus, predisposing the individual to serious long term consequences such as type 2 diabetes, endometrial hyperplasia, thyroid dysfunction and cardiovascular diseases [2] . The aetiology of PCOS is not yet clear however genetic, biochemical, immunological and environmental factors are implicated in the aetiopathogeneis of this multifactorial condition [3] . Several candidate genes have been proposed as important contributors to PCOS but none have yet achieved acceptance as major cause [4] . Janine et al., (2001) suggested the involvement of cytokines as regulatory factors in follicular development in ovary and the frequently studied cytokine in the ovary is Tumor Necrosis Factor alpha (TNF-α) [5] . The gene for TNF-α resides within the class 3 MHC and is located on the short arm of chromosome 6 (6p21.3) [6] . Expression of TNF-α rely on various stimuli such as lipopolysaccharide, free oxygen radicals and cytokines like IL-1 and IFN-γ [7] . Its expression is regulated at both the transcriptional and post-transcriptional levels and has been suggested that variability in promoter and coding regions of TNF gene may influence the magnitude of the secretary response of this cytokine [8] . This cytokine regulates numerous cellular processes such as immune and inflammatory responses, differentiation, proliferation and cell death [9] . TNF-α also modulates several biological processes in the mammalian ovary including granulose cell proliferation, follicular development, ovulation and luteolysis, steroidogenesis, prostaglandin and proteoglycan biosynthesis [10] .
Variations in the levels of immunoreactive TNF-α throughout the menstrual cycle and its secretion from the corpus luteum have been reported [11] . However, in vitro studies have shown that TNF-α may stimulate, inhibit or does not affect steroid hormone secretion in mammal ovarian cells [10] . Polymorphisms in the TNF-α promoter gene may affect transcriptional regulation by modifying the binding site of specific transcription factors [8] . Several polymorphisms in the promoter region have been associated with conditions such as insulin resistance, obesity, pre-eclampsia, endometriosis including PCOS [4, 12, 13] . More recent studies have provided evidence for a role of TNF-α in obesity and insulin resistance, indicating that perturbations of TNF-α metabolism may affect the onset of non-insulin-dependent diabetes mellitus (NIDDM) and may play a role in the development of cardiovascular disorders [8] ; the conditions often considered as long term complications of PCOS (Table 1 ; [14] [15] [16] [17] [18] [19] [20] [21] [22] ).
Functional single nucleotide polymorphism (SNP) at positions −308 (rs1800629) and −1031 (rs1799964) of human TNF-α gene have been shown to be linked with altered promoter activity with different plasma levels of TNF-α in healthy individuals [23] . Among these SNP's the A allele of rs1800629 and the C allele of rs1799964 polymorphisms has been shown to be associated with increasing TNF-α expression [9] . The A allele of rs1800629 polymorphism have been identified to be involved with insulin dependent diabetes, development of insulin resistance and increasing adiposity [24] . Further, Rice et al., (1998) suggested that TNF-α appears to inhibit follicle stimulating hormone (FSH) induced estradiol secretion in small follicles of human ovary leading to anovulation [25] . The rs1799964 polymorphism has been suggested to contribute to several inflammatory disorders such as Benchet's disease, Crohn's disease, idiopathic recurrent miscarriages, intracerebral hemorrhage, ulcerative colitis, endometriosis [9] and PCOS [4] . Hyperandrogenism was strongly associated with C allele of rs1799964 polymorphism [26] .
In view of firm evidence implicating TNF-α polymorphisms in adiposity, insulin resistance, anovulation and hyperandrogenism; all of which are features of PCOS, and no reports of these polymorphisms in Indian context, the present study was aimed to screen for rs1800629 and rs1799964 polymorphisms in South Indian population.
Materials and methodology

Study population
In the present study a total of 589 women comprising of 283 patients and 306 controls were recruited from Modern Government Maternity Hospital, Hyderabad, India. Patients were selected based on Rotterdam criteria according to which a woman is said to have PCOS, if she has any two features out of three such as polycystic ovaries on ultrasound scan, menstrual irregularities and/or clinical signs or symptoms of hyperandrogenism such as acne, alopecia, hirsutism and premature pubarche. Ultrasound scanned normal fertile women with no menstrual dysfunction or history of infertility were selected as controls. Written approval was obtained from the ethics committee of Osmania University and informed consent from all subjects before peripheral blood samples were collected. Detailed information on clinical, anthropometric measures and diet was recorded through proforma. Our sample size of 589 (283 cases + 306 controls) is large enough and exceeds the estimated number of samples (~250 cases + controls) required to obtain a 90 % statistical power.
Molecular analysis
DNA was extracted from peripheral blood and for each subject; rs1800629 and rs1799964 genotyping was performed by using ARMS PCR and PCR-RFLP respectively. The rs1800629 polymorphism was amplified by tetra primers ARMS PCR designed in our lab while the rs1799964 was amplified by PCR with a set of primers [4] . Products of rs1800629 were analyzed using 2 % agarose while the products of rs1799964 was first digested with Bbs I (Fermentas, India) for 12 h at 37°C and then genotyped using 3 % agarose gels (Fig. 1 ).
Haplotype analysis
Since haplotype provide more comprehensive information, haplotype analysis was performed to understand the nature of association of rs1800629 and rs1799964 polymorphisms with PCOS traits. Using the SNPstat software (http://bioinfo.iconcologia.net/ snpstats/start.htm), four haplotypes were generated for TNF-α gene in the entire cohort of 589 individuals. In order to further understand the role of these specific haplotypes in the manifestation of the condition, haplotype combinations were made. The three haplotype combinations analyzed viz., 1. wild type alleles at both loci (G-G/T-T), 2. one mutant allele at any one locus (G-G/T-C, G-G/C-C, G-A/T-T, A-A/T-T) and 3. two mutant alleles at both loci (G-A/T-C, G-A/C-C, A-A/T-C, A-A/C-C).
Analysis of anthropometric measures: genotypes and haplotypes
The two anthropometric measures considered for the present study was Body Mass Index (BMI) and Waist to Hip ratio (WHR). Body weight, height, waist and hip circumferences were measured in all participants in order to calculate BMI and WHR. Their BMI was calculated by the formula: body mass/(height) 2 [kg/m 2 ] and waist circumference was measured at the midpoint between lower border of the rib cage and the iliac crest. Hip circumference was measured at the level of trochanter in cms. Waist hip ratio (WHR) was calculated as waist circumference divided by hip circumference. Avalue ≥25 kg/m 2 was considered as obese and a value of≥0.8 was regarded to have abdominal obesity. We considered the WHO criteria of BMI ≥25 to be the cut-off for distinguishing normal form overweight/obese Indian women to be appropriate. A study by Snehalatha et al., 2003 in South Indian women employed BMI>23 to be the cut-off for obese cases [27] . In order to evaluate the relationship of rs1800629 and rs1799964 polymorphisms with various anthropometric measures, we compared the distribution of the rs1800629 and rs1799964 genotypes in relation to factors such as BMI and WHR in both patients and controls. They were categorized into individual groups based on BMI (cut off point 25 kg/m 2 ), WHR (cut off point 0.80).
Family history of complex diseases and dietary habits
In view of reported incidences of complex diseases such as PCOS, menstrual disturbance, diabetes and cardiovascular diseases in the first degree relatives of PCOS patients [3] , we have compared the family history of complex diseases (FHCD) in the parents, sibs and other relatives of PCOS probands. Furthermore, several studies have demonstrated that high lipid and low-fiber diet was associated with PCOS, we aimed to establish the association of these polymorphisms with dietary habits (vegetarian vs. non-vegetarians).
Clinical features
Inter-individuals variation is commonly observed with respect to clinical features changing throughout the life span starting from adolescence to post menopausal age. The clinical features represent the signs or symptoms of PCOS that had arise due to hyperandrogenism and hyperinsulinemia. The two markers acanthosis nigricans for insulin resistance; acne, hirsutism, alopecia and premature pubarche for hyperandrogenism were considered as important clinical features of PCOS. The patients were invariably asked about the onset of menstrual dysfunction/development of clinical symptoms either at adolescence or at adulthood and the age at onset (AAO) of the clinical symptoms was recorded. In order to see the association of these polymorphisms the patients were stratified based on the presence or absence of a particular clinical trait. The trait/ symptoms taken into consideration for analysis are hyperandrogenism, acanthosis, hyperandogenism + acanthosis and AAO. The onset of the condition was considered as early, if they showed the signs or symptoms of PCOS at the age of ≤15 years and the onset above 15 years were referred to as late onset [2] .
Quartile data analysis
In order to see whether AAO of the condition is being influenced by genotypes and haplotypes/anthropometric measures/FHCD and dietary habits/clinical features, the whole patient data was categorized into quartiles based on AAO. Quartile analysis was carried out by arranging the whole data either in ascending or descending order of AAO and were categorized into four group's viz., quartile 1, 2, 3, 4. Finally, the above factors were analyzed in each quartile.
Statistical analysis
All the statistical analysis was performed with the help of SPSS statistical software (version17.0, IBM SPSS). Continuous data were expressed as mean±SD. A two tailed p-value of <0.05 was considered statistically significant. The demographic characteristics of patients and controls were compared by the Student's t-test for unpaired data. The association between genotypes and PCOS risk was evaluated by calculating the odds ratios (OR) at 95 % confidence interval. Allele and genotype frequencies were determined from observed genotype counts. Hardy Weinberg equilibrium was estimated by the χ 2 test.
Results rs1800629 and rs1799964 genotypes and haplotypes in susceptibility to PCOS Table 2 describes the percentage distribution of rs1800629 and rs1799964 polymorphisms in patient and control groups. The overall genotype frequencies of GG, GA and AA of rs1800629 were 4 %, 95 % and 1 % in patients, while they were 3 %, 96 % and 1 % in controls respectively. The distribution of genotypes (χ 2 =0.10; p =0.95) and alleles (χ 2 = 0.02; p =0.88) did not differ significantly between the groups.
The genotype frequencies of TT, TC and CC of rs1799964 polymorphism were 38 %, 60 % and 2 % in patients, while they were 53 %, 45 % and 2 % in controls, respectively. Haplotype analysis proposed that none of the four haplotypes i.e. A-T, A-C, G-T and G-C were found to be significantly different between patients and controls (p>0.05), however the haplotype combinations showed significant difference between the patients and the control group (χ 2 =15.23, p =0.0004). Individuals with combination 2 predominated in the controls with an OR value of 0.51 (0.36-0.71, p =<0.001) compared to the patients, while Combination 3 was elevated and revealed an OR value of 1.86 (1.33-2.57, p =0.0002) ( Table 3) . 
Family history of complex diseases and dietary habits
Analysis of family history of complex diseases and diet with respect to rs1800629 and rs1799964 polymorphisms are shown in Table 4 . The percentage of individuals with family history of complex diseases (FHCD) in their first degree relatives was 74 % in patients whereas it was 28 % in the controls. The overall frequency of non-vegetarians (90 %) in both patients and controls were greater compared to vegetarians (10 %). The rs1800629 polymorphism did not show any involvement with these factors, however the rs1799964 demonstrated a strong association with non-vegetarian diet (p <0.001). Analysis of these parameters in haplotype combinations revealed an elevated frequency of FHCD in PCOS women under combination 3, though did not reach statistical significance (p >0.05) ( Table 4) . Table 5 represents the analysis of clinical features of PCOS probands with respect to rs1800629 and rs1799964 polymorphisms. Investigations suggested the presence of hyperandrogenism in 33 % of probands in the form of hirsutism, acne, alopecia and premature pubarche. Twenty three percent of individuals showed acanthosis, a marker for insulin resistance while 14 % of patients showed both hyperandrogenism and acanthosis (Fig. 2) . Distribution of clinical features with respect to rs1800629 and rs1799964 genotypes, revealed a strong association of hyperandrogenism (p =0.004) and AAO (p =0.05) with rs1799964 polymorphism.
Clinical features
In haplotypes, PCOS women with combination 1 showed elevated frequency of cases showing hyperandrogenism, acanthosis, hyperandrogenism + acanthosis and early AAO compared to combinations 2 and 3, however, did not reach statistical significance (p >0.05) (Fig. 3) .
Quartile data analysis
Lastly, the quartile data analysis showed no involvement of rs1800629 but revealed an association of rs1799964 polymorphism on the age at onset of the condition. An elevated frequency TT genotype of rs1799964 was observed in the first two quartiles. There was a preponderance of women with higher BMI and markedly increased frequency of women with hyperandrogenic clinical features in the first two quartiles, where as other factors including rs1800629 genotypes did not differ in any of the four quartiles (Fig. 4) .
Discussion
TNF α is a proinflammatory cytokine present in follicular fluid of human ovary, granulosa cells and oocytes [4] ; plays an important role in a wide range of diseases such as type 2 diabetes, coronary artery disease and dyslipidemia [28, 29] . It elicits inflammatory responses as a normal physiological 
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OR odds ratio, CI Class Interval *Significant at 5 % level of significance function for ovulation and influence follicular atresia, adiposity, insulin resistance, ovarian apoptosis, increased ovarian steroid secretion, anovulation and hyperandrogenism [30] . The present study was aimed to screen for TNF-α rs1800629 and rs1799964 in PCOS, a condition associated with inflammation. A potential physiological role of rs1800629 G>A polymorphism has been indentified in several studies [26, 30] and much recent reporter gene studies demonstrated a significant effect on its transcriptional activity [4, 31] . Variation in TNF-α gene was reported to be linked with PCOS susceptibility in Korean population. Studies on TNF-α gene in PCOS patients from Australian, Caucasian and Indian population revealed lack of association of rs1800629 polymorphism [4, 6, 13] . However, the rs1799964 T>C polymorphism suggested a strong influence on PCOS, similar to the findings of others in Asian population [4, 32] . The T allele of this polymorphism appeared to confer protection towards PCOS in our study, while it was the C allele in Korean population [4] .
Specific combinations of the two promoter variants designated as "Combination 1", "Combination 2" and "Combination 3" of TNF-α showed that combination 3 had a two fold risk for PCOS in the studied population while, combination 2 suggested a protective role towards PCOS. Since there are not many studies pertaining to these polymorphisms in relation to PCOS and no The increased BMI and WHR in a section of patients in our investigations, suggest the importance of obesity genes and environmental component in susceptibility to PCOS. Li S (2008) proposed that elevated TNF-α have been linked to obesity and insulin resistance in the Chinese population [12] . The mutant alleles (A and C) of rs1800629 and rs1799964 were associated with higher production of TNF-α compared to wild type (G and T) alleles. The present observation of relationship between heterozygote of rs1800629 with obesity is supported by the findings of Namita Bhagat [13] . Involvement of rs1799964 polymorphism with lower BMI was observed to be different from that of the findings of Brand et al., (2003) [33] . We reported a positive association of this polymorphism with lower WHR, whereas others have shown no association [34] . These findings of ours with respect to lower BMI and lower WHR could be explained on the basis of anti-adipogenic effects of TNF-α, that inhibits adipogenesis causing dedifferentiation of mature adipocytes thereby, reducing the expression of several adipocyte-specific genes such as PPAR γ, GLUT4 etc. [35, 36] .
PCOS is a complex disorder that might result from the interaction of susceptible and protective gene variants under the influence of environmental factors [3] , suggesting that the clinical phenotype of affected individuals is also influenced by gene-environment interaction. Diet was considered as the major environmental determinant of PCOS that was able to alter the rate of gene transcription and translation, which may be one mechanism that modifies disease risk [37] . It was further hypothesized that not only the quantity of food but also the quality and the type of nutrition may alter PCOS phenotype, possibly interacting with different genetic background [38] . Association of rs1799964 polymorphism with non-vegetarian diet suggests gene-environment interactions since diet is a well known environmental factor playing a role in the regulation of sex steroid metabolism. It was reported that women who were on non-vegetarian diet have increased risk of developing PCOS, which might be due to increased androgen circulating levels released due to the intake of highlipid and low-fiber diet. Non-vegetarian diet particularly those derived from the meat of lactating animals like beef is the potential source of hormones. Uptake of such meat may lead to indirect consumption of hormones that might have used as hormonal injections for increasing the milk yield.
Furthermore, studies have also demonstrated that high lipid and low-fiber diet is related to an increased androgen circulating levels leading to hyperandrogenism; a factor involved in the causation of PCOS [39] . Significant association of rs1799964 polymorphism with hyperandrogenic clinical features (p =0.004) in the present study corresponds to the findings by Escobar-Morreale HF (2001) and Park et al., (2001) in PCOS women [26, 40] .
Quartile data analysis suggested an elevated frequency of women with TT genotype, higher BMI and increased frequency of women with hyperandrogenism clinical traits in the first two quartiles than the other two. An OR value of TT vs. others (0.54, <0.01) in Table 2 indicates the protective nature of TT genotype. The presence of increased frequency of individuals with TT genotype in the early onset group led us to hypothesize that the TT genotype though being protective, were predisposed to PCOS at an early age and is due to higher BMI (p = 0.02) and hyperandrogenism (p =<0.01) in the first two quartiles than the other two, since both these conditions are often considered as factors involved in the susceptibility of this multifactorial disorder.
In conclusion, our findings suggests lack of direct involvement of rs1800629 polymorphism in the genetic predisposition to PCOS; however, rs1799964 polymorphism revealed a strong association in the manifestation of PCOS and its clinical traits. Furthermore, the rs1799964 polymorphism demonstrated the geneenvironment interaction in the causation of PCOS in the studied population. Haplotype analysis showed that the T allele of rs1799964 in a single dose (combination 2) is protective over others, while the mutant allele at both loci (combination 3) confers around two fold risk of developing PCOS. To the best of our knowledge, this is the first report from India with respect to rs1799964 of TNF-α, a proinflammatory cytokine. The limitation of the present study was the inability to measure TNF-α levels for clinical correlation. Further extensive studies on the influence of TNF-α polymorphism towards PCOS in different ethnic groups may identify the potentiality of these polymorphisms as markers of inflammation and in turn may help the clinicians for the better management of the condition. Functional studies on the reporter gene assays of this gene would be required further to gain meaningful insights on the etiology of TNF-α towards PCOS phenotype. 
